The cellular response to chromosome breakage.
DNA double-strand breaks (DSBs) are among the most deleterious types of damage that can occur in the genome of eukaryotic cells because failure to repair them can lead to loss of genetic information and chromosome rearrangements. DSBs can arise by failures in DNA replication and by exposure to environmental factors, such as ionizing radiations and radiomimetic chemicals. Moreover, they might arise when telomeres undergo extensive erosion, leading to the activation of the DNA damage response pathways and the onset of apoptosis and/or senescence. Importantly, DSBs can also form in a programmed manner during development. For example, meiotic recombination and rearrangement of the immunoglobulin genes in lymphocytes require the generation of site- or region-specific DSBs through the action of specific endonucleases. Efficient DSB repair is crucial in safeguarding genome integrity, whose maintenance in the face of DSBs involves branched signalling networks that switch on DNA damage checkpoints, activate DNA repair, induce chromatin reorganization and modulate numerous cellular processes. Not surprisingly, defects in these networks result in a variety of diseases ranging from severe genetic disorders to cancer predisposition and accelerated ageing.